Background-To manage the human immunodeficiency virus and acquired immune deficiency syndrome (HIV/AIDS) epidemic, international donors have pledged unprecedented commitments for needed services. The Joint United Nations Programme on HIV/AIDS (UNAIDS) projected that low-and middle-income countries needed $25 billion to meet the 2010 HIV/AIDS goal of universal access to AIDS prevention and care, using the resource needs model (RNM). Methods-Drawing from the results from its sister study, which used a data envelopment analysis (DEA) and a Tobit model to evaluate and adjust the technical efficiency of 61 countries in delivering HIV/AIDS services from 2002 to 2007, this study extended the DEA and developed an approach to estimate resource needs and decompose the performance gap into efficiency gap and resource gap. In the DEA, we considered national HIV/AIDS spending as the input and volume of voluntary counseling and testing (VCT), prevention of mother to child transmission (PMTCT) and antiretroviral treatment (ART) as the outputs. An input-oriented DEA model was constructed to project resource needs in achieving 2010 HIV/AIDS goal for 45 countries using the data in 2006, assuming that all study countries maximized efficiency. Findings-The DEA approach demonstrated the potential to include efficiency of national HIV/AIDS programmes in resource needs estimation, using macro-level data. Under maximal efficiency, the annual projected resource needs for the 45
Introduction
Human immunodeficiency virus and acquired immune deficiency syndrome (HIV/AIDS) severely affects developing countries, and requires immediate and effective responses (UNAIDS 2008; . To manage this disease, international donors have pledged an unprecedented commitment to mobilizing resources to countries with limited resources where HIV/AIDS has been a major concern. The efforts have been strongly propelled by several widely recognized goals on HIV/AIDS, such as the Millennium Development Goals (MDGs) number six on HIV/AIDS and the universal access to AIDS prevention and care in 2010 (hereafter the 2010 HIV/AIDS goal).
There are two different but complementary approaches to achieve these goals: One is to improve the efficiency of using available resources; another is to raise additional funding to scale up services. Thus, three types of gaps are envisioned: performance gap (PG), resource gap (RG) and efficiency gap (EG) . PG refers to the difference between current achievement and internationally agreed goals. RG refers to the difference between the resources needed to fully implement an efficient programme and those currently available. EG indicates the difference between what countries have achieved at a given level of resources and the potential achievement if the countries were optimally efficient.
There has been a great deal of concern about the resource requirement for HIV/AIDS programmes and the RG. Using the resource needs model (RNM; Bollinger et al. 2006) , UNAIDS and researchers have suggested a series of estimates on resource requirements and resource gaps globally and regionally (Bertozzi et al. 2004; Gutierrez et al. 2004; UNAIDS 2005; 2007b) . In 2009, UNAIDS estimated US$ 25.1 billion to achieve universal coverage for key services in 2010 (UNAIDS 2009 ). The published research on efficiency of HIV/AIDS programmes is limited, but available studies indicated a heterogeneous performance of HIV/AIDS responses across countries and within a country (Marseille et al. 2007; Zanakis et al. 2007; Dandona et al. 2008; Zeng et al. 2012; 2014) . The existence of inefficiency calls for incorporating efficiency in the resource needs modelling (Shepard et al. 2007; Vassall and Compernolle 2006) .
It is critical to quantify both RG and EG in achieving HIV/AIDS targets because of their significant policy indication for allocating HIV/AIDS resources at the global and country level and for designing appropriate policies to address the HIV/AIDS pandemic. For example, we may expect more financial resources be mobilized to expand HIV/AIDS services in a country with greater RG, but more efforts be devoted to efficiency improvement in a country with greater EG.
Our retrospective study conducting resource need and gap analyses in achieving a historical goal remains to be informative for resource allocation for achieving MDG and post-MDG goals on HIV/ AIDS. In addition, the 2010 HIV/AIDS goal is more specific than the MDG on HIV/AIDS, providing specific targets for core HIV/ AIDS services, which is commensurate with the data requirement for input/output analysis [i.e. data envelopment analysis (DEA)]. This study extends the DEA to (1) quantify the three types of gaps (PG, RG and EG) , and (2) 
Methods and data

Analysis framework
This study began with the method of conducting the gap analysis, as the approach of estimating resource needs for HIV/AIDS was embedded in it. A DEA was extended to estimate the magnitude of the three types of gaps: PG, EG and RG. The basic theories of DEA can be found in Charnes et al. (1978) and Cooper et al. (2006) works. One advantage of using DEA is the ability to model technical efficiency with multiple inputs and outputs (Cooper et al. 2006) . Figure 1 illustrates the three types of gaps using an example with one input [horizontal axis, e.g. expenditure on antiretroviral treatment (ART) and one output; vertical axis, e.g. number of AIDS patients receiving ART].
In Figure 1 , each point represents a country with certain amount of spending on ART and quantity of AIDS patients receiving ART; all the countries are efficient except country X; and C is the target quantity of ART for country X. DEA is a non-parametric model, and first identifies the best performers using existing data to produce a production frontier under which the rest are evaluated (Hollingsworth 2008; Hussey et al. 2009) . In this study, we used variable returns to scale 1 model by adding one constraint of convexity in DEA to compute efficiency scores. Consider county X in Figure 1 , which is neither achieving the target of C, nor committing sufficient resources to the service. To fulfill the target of C, the amount of S has to be spent on ART for country X to perform optimally; that is the definition of resource needs used in this article: the monetary resources required to accomplish the target if countries were fully efficient. Thus, the distance Xi represents the RG in a monetary amount, implying that country X could not reach the target of C partly due to inadequate financial resources. Next, the distance Xh, or the equivalent distance ij represents the EG given a specified level of inputs. This gap indicates that if country X were maximally efficient, it would improve its performance to reach the output of h. Finally, the PG of country X can be measured by the distance of ik. The component corresponding to the distance of jk indicates the degree of expansion of treatment achieved by filling the resources gap. The efficiency score is estimated based on the distance of country X to the production frontier.
The output oriented efficiency score (i.e. OX/Oh for country X) shows the extent to which outputs (services) could be improved in order to be efficient, along the vertical line in Figure 1 , while the input oriented efficiency score (i.e. mn/mX for country X) shows the extent to which input(s) could be reduced in order to achieve efficiency, along the horizontal line in Figure 1 .
Using Figure 1 , we could derive the share of the resource and efficiency gaps within the performance gap. Set OX ¼ x, Xh ¼ y 1 and ki ¼ y 2 , a is the efficiency score from the output-oriented DEA model for the country under the evaluation with the observed data (X in Figure 1 ), and b is the efficiency score from the output-oriented DEA model for a hypothetical country (Point i in Figure 1 ) with spending equal to the resource needs and the same quantity of the service as the evaluated country. Mathematically, a ¼ x / (x þ y 1 ) and b ¼ x / (x þ y 2 ). Set r ¼ y 1 / y 2 , representing the percentage of the efficiency gap in the performance gap. Solving the equations, we
, which is independent from x's and y's and is a function of two efficiency scores. The share of the resource gap can be expressed as (y 2 À y 1 ) / y 2 ¼ 1 À r.
Data structure
This study extensively used the data and the results from its published sister study , where the authors synthesized the relevant data from 2002 to 2007 in 61 countries. It applied DEA and calculated both input-oriented and output-oriented efficiency scores for each country using total national HIV/AIDS spending in 2007 international dollars (I$) as input, and quantities of voluntary counseling and testing (VCT), prevention of mother to child transmission (PMTCT) and ART provided as outputs. This step was to examine the relative performance/efficiency of countries compared with their best performers (countries) in terms of providing the three HIV/AIDS services. If a country achieves an efficiency score of 100%, this means no other countries could produce more services within the same amount of spending as that country incurred, with this country being used as a benchmark to produce a production frontier to evaluate other countries. A Tobit model was then constructed using efficiency scores produced from DEA as a dependent variable and contextual factors as independent variables (Simar and Wilson 2007; McDonald 2009; Johnson and Kuosmanen 2012) , so that the efficiency scores from DEA could be adjusted to countries' contextual factors, such as governance, financing mechanisms, economic status and HIV prevalence. With the adjustment, the efficiency score could be compared across countries. The adjusted efficiency reflects the efficiency of implementation of HIV/AIDS programmes, rather than the variation of contextual factors. The Tobit model found that efficiency is significantly associated with government commitments, a country's economic status, population size, and HIV/AIDS prevalence .
In this study, instead of using data from 2002 to 2007, we used the data in 2006 only. The data also included the total national HIV/AIDS spending, the number of VCT, PMTCT and ART, and the countries' contextual factors. In the interest of brevity, the detailed sources of data for this study were not repeated . Although the data in 2007 were available, we selected the data in 2006 that have information from 45 countries in this study for three reasons: (1) the data in year 2006 had the largest sample size; (2) the data on VCT services in 2006 were reported as the number of the clients, and are probably more accurate than those in 2007, which were reported in terms of coverage; (3) The countries in 2006 had complete information on contextual factors for calculating adjusted resource needs.
Procedures to estimate resource needs and gaps
There were three steps to apply the extended DEA to decompose the performance gap of HIV/AIDS into the efficiency gap and the resource gap.
Step one: Identify the target for VCT, PMTCT and ART in 2010 for each country, which is to identify point k in Figure 1 . To estimate the target, we used the same approach as RNM did-the target quantity of each service was the product of the population in need and the target coverage of services (UNAIDS 2007b) . The target populations in need for VCT, PMTCT and ART services were adults (14-49 years), pregnant women, and AIDS patients, respectively. The target coverage for ART and PMCTC services, according to UNAIDS, was set as 80%; the target coverage of VCT was 0.1, 1 and 5% for countries with low-level, concentrated, and generalized HIV/AIDS epidemic, respectively (UNAIDS 2007b; . The data on the number of adult population and AIDS patients in 2010 were obtained from a public dataset from UNFPA and a report from UNAIDS, respectively UNFPA 2012) . However, as the number of pregnant women in 2010 was not readily available, we used a linear extrapolation to estimate it for the 45 countries included in the study based on the historical data (2005-07) in Zeng's study .
Step two: Estimate the resource needs and resource gaps. To implement this analysis, we first created a hypothetical country, which is point L in Figure 1 , with extremely high expenditure on HIV/AIDS and the projected target of services of the country to be evaluated. Therefore, the hypothetical country would be inefficient. The input-oriented efficiency score was estimated and used to derive the resource needs (S). The resource needs were calculated as the product of the input-oriented efficiency score and the assigned high expenditure. If one chooses high expenditure, the efficiency score is smaller. Otherwise, the efficiency is larger. Although, the estimated efficiency score depends on the assigned high expenditure, their product is a constant, which is equivalent to S in Figure 1 . In this study, we chose 10 times the highest spending available in the existing dataset as the high expenditure. We used DEA-Solver 5.0 (Saitech Inc., New Jersey) to estimate efficiency scores.
The calculated resource needs presume a single production function for all countries, which does not reflect the practice of HIV/AIDS programmes. To adjust the countries' contextual factors affecting HIV/AIDS service production, we used the results from the Tobit model in Zeng's paper that showed the impact of contextual factors , based on an approach suggested by Afonso and Miguel (2006) . The environment-adjusted resource needs were the product of the hypothetical high spending and the adjusted efficiency score. The resource gap was the difference of adjusted resource needs and actual HIV/AIDS expenditure in a country. The calculated resource needs and resource gap in 2007 I$ were then transformed into 2007 US dollars to make it comparable to the resource needs estimates by UNAIDS in 2009.
One assumption of using input-oriented DEA to estimate resource needs is that the current volume of services and spending could produce a frontier for evaluating all the hypothetical countries with a target volume of services in 2010, so that the resource needs could be estimated using the input-oriented efficiency score for the hypothetical country. The results of our first trial, however, failed to meet this condition. The reason was that the target volume of services for South Africa in 2010 (SA 2010) was so high that for any extreme high spending assigned to it, the hypothetical country was always standing on the frontier. The resource needs for SA 2010 could not be estimated using the approach proposed above.
Assuming that SA 2010 had a constant returns to scale in comparison with those countries on the production frontier, we estimated the resource needs for SA 2010. Under this assumption, the resource needs for SA 2010 was proportional to weighted output (virtual output). The weights for outputs were generated by DEA. Depending on which country on the production frontier is used as the reference country, the resource needs for SA 2010 differ. Table 1 shows the derivation of resource needs for South Africa 2010. We first constructed the virtual output for six countries (column 6) on the production frontier and for SA 2010 (column 7) by multiplying the weights of the services (column 2-4) with corresponding quantity of services. The expansion factor (column 8)-the ratio of virtual output for SA 2010 to that for a specific reference country, implied the relative magnitude of the outputs of SA 2010. If the country on the frontier intended to reach that volume under constant returns to the scale, the inputs would have to be accordingly expanded at the same scale to the level of the results in column 9. The resource needs for SA 2010 was calculated in column 10 by taking an average of values in column 9. We conducted a sensitive analysis on resource needs for SA 2010 by repeating the same analysis using different values (ranging between I$2.0 and I$8.0 billion) of the estimated resource needs for SA 2010. For brevity, we only reported the results on resource needs for the sensitivity analysis.
We estimated estimate the resource needs of I$3.15 billion for South Africa to meet the target goals in 2010, which was equivalent to $1.87 billion in 2007 dollars (using purchasing power parity converter of 4.02, and exchange rate of 6.76 for South Africa in 2006). This estimate is similar to what South Africa planned to allocate for HIV/AIDS of Rand 11.3 billion ($1.6 billion) in 2010 (South Africa Institute for Democracy 2009).
Step three: Estimate the performance gap and calculate the share of its two components. The estimated resource needs from step two were used to generate another hypothetical country, which had the AIDS spending equivalent to the resource needs derived from step two, but had the same quantity of services as the country being evaluated (point i in Figure 1 ). This hypothetical country, along with countries under evaluation (X in Figure 1 ), was included in the output-oriented DEA model to generate the efficiency score of a and b described in the analysis framework section to estimate the share of EG and RG. Table 2 shows the need and the target for three HIV/AIDS services in 2010. In all the 45 countries analyzed, the total ART need would reach 7.9 million, PMTCT need 0.9 million and the adult population 1.5 billion in 2010. The target volume for VCT, PMTCT and ART to meet the 2010 HIV/AIDS goals would be 21.0, 0.7 and 6.3, million, respectively. Table 3 provides service gaps, resource needs as well as resource gaps to achieve HIV/AIDS 2010 target for each country. Column IV shows that the major service gap is for ART. In 2006, none of the countries included in the analysis achieved the target on ART. A total of 4.9 million AIDS patients needed to be included in the ART in order to achieve the 2010 goal. Countries also faced a gap of providing PMTCT services for additional 0.5 million clients in achieving the target on PMTCT. However, more than half of the countries reached the 2010 goal on VCT. Compared with services provided in 2006, an additional 3.4 million clients need to be reached in order to achieve the 2010 goal for VCT.
Results
Estimation of service needs and target
Unadjusted resources needs to meet the HIV/AIDS 2010 targets
Our analysis shows that with adjustment of contextual environment, the 45 countries, if they all performed as well as their peers, would need IS$10.1 billion ($5.1 billion) (columns V Notation: SA, denotes South Africa; RN, denotes resource needs; Factor denotes the ratio of virtual output for SA to that for the countries on the frontier. Examining the resource needs for specific countries, we found that many countries could achieve the 2010 HIV/AIDS goal by simply improving their efficiency of programme implementation. There were 18 countries in need of financial support of $2.1 billion to scale up services to fulfill the 2010 HIV/AIDS goals.
Resource needs after adjusting environmental variables
Assuming that the relative importance of environmental factors and performance of countries on these indicators were stable over time until 2010, we adjusted the efficiency scores using coefficients from the Tobit model in Zeng's paper ) and the weights that indicated the importance of the countries on the frontier in deciding the efficiency score for the country under the evaluation in the DEA model. After this adjustment, the resource needs in most countries increased. Table 3 
(columns V[C][D] and VIII[C][D]
) shows the resource needs and the resource gap for 45 countries when adjusted to the environmental variables. According to the projection, the 45 countries would require I$12.8 billion ($6.3 billion) in total in 2010, with a resource gap of I$4.4 billion ($2.3 billion). There were 28 countries in need of financial support to achieve the 2010 HIV/AIDS goals. These 28 countries would need the financial support of I$6.0 billion ($3.1 billion) to achieve 2010 HIV/AIDS goal. In contrast, some countries would have to substantially reduce spending in order to be efficient, and use the money more prudently.
Decomposition of performance gap
As many countries would not require additional financial resources if they were performing optimally, addressing the efficiency gap would achieve the 2010 HIV/AIDS goal. The decomposition of the performance gap was reported only for the countries that required additional funding. The countries that previously were on the frontier were adjusted with 100% of resource gap. Table 4 shows the decomposition of the performance gap for 28 countries in need of additional financial resources.
Most countries had a higher resource gap than an efficiency gap. On average, the resource gap and efficiency gap accounted for 66.7 and 33.3% of the performance gap, respectively. Countries with a large share of resource gap need to focus on investing more money on service delivery to reach the HIV/AIDS goal, while countries with relatively higher efficiency gap should concentrate more on performance improvement, enhancing the value for money. Figure 2 shows the estimated resource needs for all countries except South Africa in relation to the estimate of for SA 2010. The overall estimation of resource needs was sensitive to the selection of resource needs of SA 2010 and was approximately proportional to the resource needs of SA 2010. When resource needs for SA 2010 was estimated at I$2.0 billion, the resource needs for the 45 countries would be I$6.6 billion. If resource needs for SA 2010 was estimated at I$8.0 billion, the resource needs for the remaining countries would amount to $21.5 billion. As the resource needs for SA 2010 mainly affect the estimation of resource needs for countries with greater needs for HIV/AIDS services, and those countries weighted more in estimating overall resource needs, this is understandable. However, this did not indicate that the estimated resource needs for each country was proportional to the change of the resource needs for SA 2010. Detailed estimates of resource needs for each country is provided in the Supplementary Appendix Table SA1 . 
Sensitivity analysis
Discussion
This study shows that a shortage of financial support persists even under the condition that all the countries perform optimally, indicating that a continued commitment on fundraising is required while strengthening the efficiency of HIV/AIDS programmes. . If resource needs are in proportion to the share of the HIV/AIDS burden, using RNM, the resource requirement for these 45 countries is estimated to be $13.4 billion (25 Â 53.6%). The estimated $6.3 billion using DEA was 47% of RNM. We expect such a discrepancy because of the assumptions applied in these two methods. Unlike RNM that uses the average unit cost of the countries in the calculation, the extended DEA method implicitly uses the unit cost from the best performers to estimate the resource needs. Given the estimated efficiency of $40% in all the countries in 2006 , it is not surprising that the estimate is much smaller than that from RNM.
Also, because the DEA model implicitly uses the unit cost from the best performers to estimate resource needs, it should be noted that the resource needs estimated with this approach could underestimate the resource needs for a country to achieve agreed goals. Not all the countries could perform 100% efficiently. Despite the disadvantage, the resource needs estimated from the DEA provide useful insights on the potential of what a country could achieve. This approach shows the potential to which the services can be provided if countries engage in improving the efficiency of HIV/ AIDS programmes. The results suggest that the needed funding could be substantially reduced if the efficiency of HIV/ AIDS programmes were enhanced and strengthened, consistent to the call for closing the global AIDS resource gap .
The disproportionate financial requirement in the countries suggest that there is an urgent need for reallocating funding to those countries that require it most, and reallocating the funding among different services. Those countries needing additional funding are primarily those with a high prevalence of HIV/AIDS or with a large population, the same pattern as previously reported (Hecht et al. 2009; UNAIDS 2007a) . Taking South Africa as example, there were 325 000 AIDS patients who received ART in 2006. It is reported that about 100 000 more AIDS patients received ART from 2006 to 2007. South Africa had to provide ART for 1.7 million AIDS patients to meet 2010 country target, similar to the estimate of 1.4 million by South Africa (South Africa Institute for Democracy 2009). In 2010, the coverage of ART was 50% in South Africa (WHO/UNAIDS/UNICEF 2011), far from the target of 80%. South Africa needs unprecedented financial support to triple the service of ART for AIDS patients to reach the target, along with a great demand for professional providers.
Consistent with the findings from other studies [Beck and Miners 2001; Harling et al. 2005; World Health Organization (WHO) 2008] , one important indication from this study is that it is equally important to increase the funding as well as improve the efficiency of HIV/AIDS programmes to meet the international agreed goals. The decomposition of the performance gap on 28 countries for additional funding shows that there are 14 countries in which allocating more funding is fundamental (>75% gap is due to the resource gap) in meeting the 2010 HIV/AIDS targets of universal access. The remaining 14 countries need to address issues on both a financial shortage and the low efficiency of their HIV/ AIDS programmes. In contrast, there are 17 countries in the study that do not require additional funding if they perform optimally. We further included 10 countries which, with moderate spending reduction, could meet the universal access goal (1 < efficiency gap < 1.5). An efficiency gap that is >1 means that the associated country has incurred excessive spending on providing the current level of services. If the country used its funds efficiently, it could potentially reach the goals of universal access with a surplus. It is estimated that 20-40% of resources on health are wasted due to various reasons [World Health Organization (WHO) 2010]. There is a significant room for improving efficiency, even among countries that are on the production frontier, as DEA measures only relative efficiency. Good governance, improving service delivery structure (i.e. service integration), reducing the duplication of the programmes, prioritizing effectiveness-proven interventions, and optimizing the use of available human resource all contribute to efficiency improvement and maximization of the value for money (Vassall et al. 2013) .
Looking forward to the MDG on HIV/AIDS, both international communities and governments are making enormous efforts to ensure that countries are moving towards meeting those goals. To accelerate the pace, new health system initiatives to improve health service delivery and the efficiency of health systems have been implemented in the last a few years, among which are performance-based 2014) . With donors allocating a substantial amount of funding for health system strengthening in recipient countries, it is important to integrate HIV/AIDS services into the broader health system strengthening agenda .
If a country/region would like to conduct an overall evaluation of its national HIV/AIDS programme relative to other countries/regions, and to estimate resource needs of HIV/AIDS programmes based on macro-level data under the assumption that the country/region maximizes its performance to the level of its best peers, the DEA approach could provide a prompt estimation. When combined with qualitative information regarding future performance change, the DEA approach could also be used to estimate the resource needs under various scenarios where high performance, moderate performance and low performance are assumed, which could be calculated as resource needs under 100% efficiency multiplied by (1/estimated efficiency). Nevertheless, because this approach assumes the production frontier produced by the existing data is able to evaluate service provision in the future, this approach cannot be used for a long-term projection, as the service provision in a far future is likely to be outside of the production frontier.
Compared with RNM, DEA offers several strengths to supplement RNM. First, the DEA approach emphasizes efficiency strengthening, and its estimation entails an inherent assumption of optimal performance of countries. Second, the DEA approach is less data demanding. Unlike RNM that requires detailed information on unit costs for each service included in the model, the DEA approach uses overall national spending on HIV/AIDS and selected key services. The concept of unit cost is implicitly incorporated in DEA model, using the weighted unit costs of the most efficient countries in the calculation. Third, DEA approach is flexible and is capable of adjusting the resource needs of the country's public administrative capacity and other factors.
However, by no means does this indicate that this DEA model could replace the RNM model due to inherent limitations of the DEA and its incapability to produce detailed resource needs for each service with empirical cost information. Several limitations of this study should be acknowledged. First, the estimates of resource needs for HIV/AIDS relies highly on the best performers on the production frontier (Parkin and Hollingsworth 1997) , as shown in the sensitivity analysis. In addition, unlike conventional statistical analyses, DEA does not account for measurement errors. Therefore, the accuracy of data for efficient countries greatly influences the estimates. Second, the DEA approach implicitly uses the unit cost of the best performer to estimate the resource needs, which would result in under estimation. A qualitative study on future performance related to the best performers could help mitigate this concern. Third, efficiency scores generated from DEA are sensitive to the number of observations in the dataset and the number of inputs and outputs in the DEA model (Zhu 2001) . Careful consideration of DEA model construction and sample size is recommended. Finally, the variables in the Tobit model explain $30% of the variation of the efficiency , and including more pertinent factors to the efficiency could help improve the accuracy. Some countries required to reduce spending substantially in order to be efficient are worth reinvestigating. A thorough case study among best or worst performers would elucidate the variation of the performance, and refine the projection.
In spite of these limitations, this model provides an alternative approach to supplement the RNM, incorporating the efficiency into the modelling and providing additional information on resource allocation. This article also illustrates the applicability and implementation of the model, and suggests that the resource needs for HIV/ AIDS could be significantly reduced if the efficiency of HIV/AIDS programmes were enhanced. Note 1 Constant returns to scale mean that the change of outputs is proportional to the change of inputs. However, in the case where the change of outputs is not proportional to that of inputs, a model with variable returns to scale should be considered. The constraint of convexity forces some countries that would not have been efficient under constant returns to scale to be efficient, resulting in higher efficiency scores being estimated under the variable returns to scale. In addition, the convexity also prescribes that the level of efficiency to be achieved by those units less efficient cannot exceed the efficiency frontier established by the most efficient unit. 
